[1] The global warming observed in recent decades and its future increase may affect permafrost distribution on highmountain faces with consequences for their stability. In this paper, we show that rock falls from high-alpine rock walls can be computed with a decimetre-resolution using lidar measurements. A laser scanner was used to create point clouds and triangulated irregular network models on the east face of the Tour Ronde at 3792 m asl (Mont Blanc massif).
Introduction
[2] A significant number of rock falls (<1000 m 3 ) and rock avalanches (>10000 m 3 ) from high-mountain rock walls affected by permafrost have been documented during the last decade, e.g. Brenva Glacier (Italy) 1997 [Barla et al., 2000] ; Kolka-Karmadon (North Ossetia) 2002 [Haeberli et al., 2004 ; Punta Thurwieser (Italy) 2004 [Pirulli et al., 2006 . In the Mont Blanc massif, the Petit Dru West Face (3733 m asl) was affected by a series of events (1950, 1997, 2003) of increasing magnitude until 2005, when the largest rock avalanches (total of more than 250,000 m 3 ) occurred [Deline et al., 2006] . This increase may be related to permafrost degradation [Gruber et al., 2004] , as a consequence of the climatic change associated with global warming during recent decades [Haeberli and Beniston, 1998; Lemke et al., 2007] . However, due to the lack of specific studies in a highmountain environment, the relationship between permafrost degradation and slope instabilities in high-alpine rock faces remains poorly understood. Although the permafrost distribution patterns in steep rock walls and temperature time series at different locations and depths can be modelled [Gruber and Haeberli, 2007] , the frequency and magnitude of slope instabilities remain hard to assess.
[3] Traditional methods to study steep and unstable rock walls are mainly based on aerial photographs and digital elevation models elaboration (DEM). They are of poor accuracy, due to the vertical view and shading effects on the aerial photographs, and because of the low sensitivity of DEMs to represent surface details and to model accurately the steep and overhanging rock walls. A new technique -based on lidar (LIght Detection and Ranging) measurements-, provides a method highly detailed spatially and temporally to monitor rock walls erosion. Till now, the use of this technique is still rare [e.g., Rosser et al., 2005] . In the present work, it is used for the first time in a high mountain environment.
[4] Created in 2005 in the framework of the EU Interreg programs, the PERMAdataROC project aims to improve our understanding of the relationship between permafrost degradation and slope instabilities by quantifying the occurrence and magnitude of rock falls from high-mountain rock walls [Deline et al., 2007; Rabatel et al., 2007] . Seven high altitude sites were selected in the Mont Blanc massif (Figure 1) , located between 3000 and 4500 m asl. These sites are representative of areas affected by permafrost according to the modelled distribution of permafrost in the Alps [Gruber and Hoelzle, 2001] , and to the selection criteria for choosing study sites proposed by Gruber et al. [2003] . In this paper we present the methodology, based on lidar measurements used to derive rock wall high-resolution (decimetre-scale) triangulated irregular network models (HRTINMs), and the first results for the 2005 -2006 period obtained for the east face of the Tour Ronde (3420 -3792 m asl).
Methodology
[5] Our approach is based on volume computation using lidar measurements [James et al., 2006] made seasonally (summer and autumn) or annually. The first step consisted in calculating HRTINMs from lidar measurements. Then, changes in thickness on the rock faces were extracted by comparing successive HRTINMs. The difference represents the quantity of rocks that fell between two measurement periods.
Laser Scanning
[6] HRTINMs are calculated from lidar measurements performed using an Optech ILRIS 3D terrestrial laser scanner. This scanner works up to 800 m in best conditions of rock surface reflectivity and visibility, thus enabling large rock walls to be surveyed. The field of view is 40°Â 40°and the sampling rate is 2000 points per second. From a distance of 100 m the laser beam diameter is about 30 mm (perpendicular shot) and the accuracy on a flat surface is 3 -5 mm.
[7] Concerning the east face of the Tour Ronde, the whole area (about 65 to 70,000 m
